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Using these three rays for one object point, we can find the image point for
that point of the object (the top of the arrow in Fig, 33-6). The image points for
all other points on the object can be found similarly to determine the complete
image of the object. Because the rays actually pass through the image for the
case shown in Fig. 33-6, it is a real image (see page 840). The image could be
detected by film or electronic sensor, or actually seen on a white surface or
screen placed at the position of the image (Fig. 33-7a).

CONCEPTUAL EXAMPLE 33-1| Half-blocked lens. What happens to the image
of an object if the top half of a lens is covered by a piece of cardboard?

RESPONSE Let us look at the rays in Fig. 33-6, If the top half (or any half of the
lens) is blocked, you might think that half the image is blocked. But in Fig, 33-6c,
we see how the rays used to create the “top” of the image pass through both the
top and the bottom of the lens. Only three of many rays are shown—many more
rays pass through the lens, and they can form the image. You don’t lose the
image, but covering part of the lens cuts down on the total light received and
reduces the brightness of the image.

NOTE If the lens is partially blocked by your thumb, you may notice an out of focus

image of part of that thumb.

Seeing the Image

The image can also be seen directly by the eye when the eye is placed behind the
image, as shown in Fig. 33-6c, so that some of the rays diverging from each point
on the image can enter the eye. We can see a sharp image only for rays diverging
from each point on the image, because we see normal objects when diverging rays
from each point enter the eye as was shown in Fig, 32-1. Your eye cannot focus rays
converging on it; if your eye was positioned between points F and I in Fig, 33-6c,
it would not see a clear image. (More about our eyes in Section 33-6.) Figure 33-7
shows an image seen (a) on a screen and (b) directly by the eye (and a camera)
placed behind the image. The eye can see both real and virtual images (see next
page) as long as the eye is positioned so rays diverging from the image enter it.

SECTION 33-1

FIGURE 33-6 Finding the
image by ray tracing for a
converging lens, Rays are
shown leaving one point on
the object (an arrow). Shown
are the three most useful
rays, leaving the tip of the
object, for determining
where the image of that
point is formed.

the

lens; therefore it is parallel to the axis

center of the lens (assumed very thin).

FIGURE 33-7 (a) A converging
lens can form a real image (here of a
distant building, upside down) on a
screen. (b) That same real image is
also directly visible to the eye.
[Figure 33-2d shows images (graph
paper) seen by the eye made by both
diverging and converging lenses.]

(b)
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Diverging Lens

By drawing the same three rays emerging from a single object point, we can deter-
mine the image position formed by a diverging lens, as shown in Fig. 33-8. Note
that ray 1 is drawn parallel to the axis, but does not pass through the focal point F'
behind the lens. Instead it seems to come from the focal point F in front of the lens
(dashed line). Ray 2 is directed toward F’ and is refracted parallel to the lens axis
by the lens. Ray 3 passes directly through the center of the lens. The three
refracted rays seem to emerge from a point on the left of the lens. This is the image
point, 1. Because the rays do not pass through the image, it is a virtual image.
Note that the eye does not distinguish between real and virtual images—both

are visible., /
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FIGURE 33-8 Finding the image 3
by ray tracing for a diverging lens.

33-2 The Thin Lens Equation;
_Magnification

We now derive an equation that relates the image distance to the object distance
and the focal length of a thin lens. This equation will make the determination of
image position quicker and more accurate than doing ray tracing. Let d, be the
object distance, the distance of the object from the center of the lens, and 4, be the
image distance, the distance of the image from the center of the lens.
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Let h, and k; refer to the heights of the object and image. Consider the two rays

shown in Fig, 33-9 for a converging lens, assumed to be very thin. The right triangles
FI'l and FBA (highlighted in yellow) are similar because angle AFB equals angle

IFI'; so
Wi _ di—f
ho J
since length AB = h,. Triangles OAO" and IAI' are similar as well. Therefore,
ki di
ho  do

We equate the right sides of these two equations (the left sides are the same), and
divide by d; to obtain
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| THIN ILENS EQUATION | ia - = = -
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‘This is called the thin lens equation. It relates the image distance dj to the object
distance d, and the focal length f. It is the most useful equation in geometric optics.
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